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ABSTRACT

Attempte to uae {iducial limit curves of a set of classes
of shock spectra am a baxis (ur the deaign of structures hve
sherm that the design npectra obtainad by the combinatorial
unalysls of many shock spectra tend to be overconeervative, | .
Thin interim-report praseinia § postible expranation (owtine, A4~ '{)“‘" )
W-onmbits nume expertmeatal eviderce w9 showghat the
values of interest in a shock spectrum plot tend to lie in the
valleys of that plot and not upon the peaks, whercas fiducial
limit curves are controlled by the peaks of the individual
shock spectra.

PROBLEM STATUS ]

This {8 an interim report on one phase of the nroblem;
work is continuing.

AUTRORIZATION

NRL Problem F03.04
Project NS T711-20%
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EFFECT UPON SHOCK SPECTRA OF THE DYNAMIC
REACTION OF STRUCTURES.

INTRODUCTION

An analysia of shock mations, in terms of their damage potestial to single-degree-
uf-freedom mechanical systems, i8 obtained by chaerving the raaximum responae of each
of these svstems to the shock motions, A plot of these maximun respunses as a functjon
of the natural frequencies of the systems for a particular shock motion may be defined
as a respunse spectrum. A sufficient pumber of systems ure assumed 10 ¢«ist 30 as to
cover the frequency rance of interest. Il there i8 no damping specified, it is assumed thay
the systems are undamped.

The response can be stated in terms of acceleration, velocity, or displacement; how- °
ever for many applications the relative cisplacement response is most usefl. As this
displacement response may not be easily derivable {rom velocity or acceleration responses,
particularly when damping terms are included, and as it i8 {requently desirable to express
the spectrum in units of velocity or acceleration, these latter terms arc arbitrarily
expressed as Xuw and wa' respectively. Displacement, velocity, or acceleration shock
spectra for a given shock motion are therefore arbitrarily defined by curves representing
X, Xw, or Xw? respectively as a function of {requency, where X is the maximum relative
displacement response of a single-degrec-of -freedom system to the given shock motion
and w represents the natural angular {requencies of the systems.

The shock spectra to be used with normal -mode theory of atructural analysis are
those which are valid for the {oundation of the structure. Shock spectra miy be obtained
clsewhere, but these can be used only with difficulty.

The concept of shack spectra to aid in the description and analysis of mechanical
shnck has heen used with vavyving degrecs of success for many years (1-3). Some diffi~
culty has been experienced by workers in this field in applying these spectra for design
purposes because of the overcongervative assumptions generally made when scme sort of
combinatorial analysis has been uined to provide a spectrum representing many shocks to
roughly similar equipments and fo.ndations. This spectrum is frequenly taken as the
envelope of the maximum values of the individual spectra.

The major assuraption currently employed in the use of shock spectra ig that the
gpectra for the same classes of shock are unaffected by variations of the stilfness of a
structure being subjectad to shock a8 long as the weight of the structure remains reason-
ably close to that {or which the experimental shock spectra were obtained. It is also
generally asgumed that over o wide range of possible shocks to these structures the
severest condition to which a structure would ever be subjected is the envelope of the
maxima of all possible shock spectra or some lesaer value determined by the use of
statistical fiducial hmit curves (4). These rssumptions usually dei-ne & shock spectrum
which is 8o severe that {ew structures can withstand the shock des' ribed by the spectrum.

A popular type of combinatorial analysis tsfirst to form classes of shock as to exci-
tation an subdivide these clagsses into groups according to weight and location, These
spectral classes then {orm loosely correlated groups from which it might be poesible to
define moce specific seta of shock spectra, Often maxima of individual groups are plotted
on separate graphs (fly-speck style) and fiducial limit curves drawn. It has been noted
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in the past (4) that shock spectra obtained this way deline a shock which {s extremely
aevere (tor, £ay, a 00-perscent liducial limit curve) and that few structures® could with-
stand such a shock. It is obvious that pomething {8 wrong with such a type of analysis
because most structures which were in place during field trials for which shock spectra
were obtained survived, whercus methods of design that made use of this shock spectrs
data indicated that they should have falled,

Attention was therefore focused upon this problem, and it was noted that structures
on noneigid toundativng feed back {orces into the foundation which aifert this motion in
such a fashion that the apectrura values of major interest far a shock tend to lie in the
region of a valley rather than in the vicinity of a peak of the pioiied spectrum (5). This
has been culled *shock apuctrum dip,® and experiments to verily its presence have been
made, and arc the subject for the major portion of this report.

A rough undersicnding as to why the valleys represent the most significant shock
apecirum values can be obtalned by noting that the valleys normaily occur at {requencies
corresponding 1o normal modes of vibration of the equipment under test. The equipment
acts a8 a dvnamic vibration absorber {or shock motions having these (requency com-

~  porents and Wwecefore causes shock, spectrum dips at these trejuencies. However, the™™”
responses f the equipment 10 the shock motion are swnall excer! 2t these frequencies,
It is therefore inappropriate to use envelopes of imaxima ul sbeck spectra for design of
heavy items and to apply the eaveiope valves at normal-mode trequencies. To do so
often regults In stienrth and relative displucement requirements tha! are obviously
sbuurdly great.

It is a secondary purpose of this report to show that, since high values have a great
effect in controlling the position of fiducial limit curves, a type of analysis which Jives
equal weight to all points on the shock spectra will produce an cvercaonservative result.

PLAN OF EXPERIMENT

This expcriment was performed to sludy the effect of chasges in structural param-
eters such as mass and stiffnecs upon shock spectra. Hence a model structuce (Figs. 1
and 4) was designed and built such that it was possible to marked!y change the stifine ;s
of this structure without changing its mass, 80 sapectra could e provided for the same
structural weight, and also such that it was possible to change tse mass while retaining
the same Btif{ness, 80 the eftects of varyirg this parameter could t-e obtained.

The experimental records obtained from velocity pie' s were converted to velocity
shock spectra. It was belleved that sharp local downward variauocns in shock spectrum
values would vccur in the region of fixed-baset natural {requescies of the structure. It
was the purpose of this experiment to expose the spectrum dips. to correlate them with
fixed-tvise natural frequencies, and to show that the dips rather than the peak values of
shock spestra are of major importance in design techniques uai~g shock spectra.

DESCRIPTION OF EQUIPMENT

The structure was mounted on the Navy Medium-Welght H: zbh-impact Shock Machine
(8,7). The shock machine hammer was dropped from givea heights so that the primary

*The degree of overdesigh increascs with effective weight of the equipment, For light
component parts this technique is quite appropriate.

{Fixed-base natursl {requencies are those that would exist if the foundation {Fig, <)
were intinitely stiff ¢ ad heavy,
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shock excitalion given to the anvil was controlled. The resulting data were arlyzed on

the Narec (a digital computor). Poth {acilities are lccated at NR1L. Besides the shock
machine, the test squipment consisted of 8 model structure, velocity meters, cacilioncopes,
and camera rocording equipment. The reed gages and strain gages visible \n Fig. } were
for purposes not connected with this report,

The model structure (Pigs. 1 and 2) wan mounted cn & solid stecl block, D, which was
the foundation of the test structure. This biock waas 1n turn mounted on car dbuilding chane
hels which wore connected ¢ the shack machine table. 1t was possible to ehange the
*load® carrted by the structure by using different combinations of par'a C and E. It wus
also poasible to chanye the *sufiness® of the structure by moving blocks B into an intere
mediate position between the ends of beams A and the ceater of the structure, Table 1 s
a Lst of part alzes and weights for the [rume. All the material was steel, Tyere are soine

t minor parts along with nuts, bolts, taper ping, etc., wiuch are not delineated in this report,
s
) Table |
~‘£ S s me s ewesses s O Strecturat part Sizes tndt Purposes T T
. ' T m. 7
: part Size (in)) wtfgm “m‘ Purpose
.
; A Slx4x11Pate 18 | To give fiexibility
i B 8 x 4% Block 18 To control flexibility
[s C | 9-1/2x & x 8 Bk n To control mass
t-: D |31-1/2x 4 x 3 Block 113 | Fowdation
| 9-1/2 x 4 x 1-1.2 Block 1Y § To control welght
r 38 Mounting pad
¢} 2 Gusasett

The velocity-meter signal was presented on a cathode-ray oscilloscope avd photo-
graphed by a moving-{ilm type camera to give a trace of foundation velocity as a function

of time,

o g
Lal 5T _BPL "M”‘?‘,‘,’WW

DESCRIPTION OF EXPERIMENT

The shock machine was uaad On two Occasions to create two seta of a series of twelve
shocks: the excitation lor eacn set was maintained at eriform intensity by dropping the
P hammer from the same height {or each test. A weries of light shocks was avyiiad to the
KL frame by dropping the hamnier only 3 irches each time. A seriee of heavy shocks was
applied to the (rame by dropping tie hammer 12 inches for each stock of 8 aet. For each
shock of each set the weigat and stilfnesa of the tert frame were cnanged s that a range
af frame conditions, {.e,, sti{{icess and maas, could be subrected (o approximately the

same hammer drop. ;
For the remainder of this report *Configuration I° refers to blocka R (Pig. 2) in the

extended position, and *Configuration U® refers to these blocks in the intermediate or
stilter position (where the saort dolts are shown on beams A in Fig. 1),
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The weight serivs was varied by changing the “load® om iop heam A as follows:
Weighi 1 consisted of Biock C,,
Weight 2 tonaisted of Blocks C, and K,
Weight 3 consisted of Blocks C, ard C,,
Weight 4 conalsted of Blocks C,, C, and K,
Weight 3 tonsisted of Blocks C,, C,, and C,,
Weight 8 consisted of Blocks C,, C,.‘C,, ad E,.

In addition a recd guge (approximately 18 1b) was on 1op of the suack of weights for
each blow. The weights of Cy, C., and C, are ¢ach equal to C, and £, s apprrcacaaely
one-half the weight of C. In the description of these tepig 1118 1meaetant 10 BSOMe AL

“sConfaguratica I, Weight 2 and *Configuration I, Weignt 2,° {o example, vt have U
same mans, but different stiilnesscs,

The total change in weight from Weight 1 to Weight ¢ o=°, amountad to sapprocmate’y
85 1b. The frame and foundation {including velocity meters an3 rewd yages) tad a oxt ~
mum weight of ebout 440 1h and therefore 2 maximum weight of abwout $23 (h. The weal
weipht including the shock machine table, side rails, car buiilzg channels, and race,
was in excess of 3000 b,

The shock was transmitted to the complete structure by weans of the hammer impect
upon the anvil (Fig. 3).
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Fig. 3 « Schematic of shuck transfer system

ANALYSIE OF MODEL STRUCTURE

The atructure was analyzad, with the aid of the Narec, by t2 2ethod of infivesce
coefficients and muatrix iteration (8.9) for the {irst fnur mode sdzes an! natural ire~
quencies of each of the twelve configuration and wergiit comtirat ius. Figure ¢ shows
a schematic representation of the lumped mass sysiem which ¥1s csed L0 appnvxszate
the real system. By taking advantage of the symmelry, M, = M, . M, = M., M, = ¥, . ®
was valy hecessary to calculate 16 influence coelficients for eiizer posiuon,

The response analysis (3,5,10) showed tht the participrtian Jicices were rere fore
the symmetric moades U and IV in all cases, 50 that they could ar oe excited br e trpe
of motion ussumed Iar thus expeciment. It was decided thal the mavzral {requendies ok e
fundamental modes [or the frame with all weights and positions saud be found espees-
mentally. The system foundation was welded to a steel bar buriad 1a a concrete bikxx iz
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an effort to secure as rigid a foundation as possible, and the natural frequency of ench
corliguration and weight combination was found by examnination ol the record of the reeponse
to a Ught mallet blow,

Rt B Sl a s
-

The uflective mars acting in each mode was calculated (5,11), and 1t was noted that
if efiective mass in & mode was the cause of the shock spectrum dip, then perhaps only
mode 1 would show It, because in all cances over 92 percent of the maas was acting in that
made, whereas in the next mode only 6 percent of the mass waa effective. Table 2ian
brief sunnary of the analysis results.

e

‘
»
)
[ Yo,
Ey 3
t 1Y hﬂ
i T I Fig. 4 - Schematic of
& r._ ¥ lumped mass system
¢ ) tu, ’
¥ Tabl» 3
{ Summary of Mode Analysia Results
' Mode 1 moue i
;. C:.‘n\élsvur‘lu?n Nat. Freq.,| Nat. Freq.,] Muass | Nat. Freq.,| Mass
: ond welat Test | Calculnted | tn Mode| Calculated | in Node
! A (eps) (cps) |(percent)  (cps) |{percent)
: Contiguration 1
§‘~ Welght 1 83 84 93.1 142 $.8
* Weight 2 m 78 92.0 235 5.9
. Weight 3 T2 kp) 92.1 230 8.0
: Weight 4 86 60 2.3 221 5.9
» Welght § 63 63 93.6 224 5.8
‘?’ Weight 6 0 62 92.8 223 5.8
3 Configuration I
1 Walght 1 186° 151 92.9 {2 3.1
: Weight 2 177 143 02.0 409 s.1
3 Weight 3 104* 134 03.6 401 8.2
¢ Welight 4 153¢ 123 92.8 398 6.1
ks Weight § 142¢ 119 92.9 39i 6.1
¥ Weight 8 134° 113 93.2 389 5.9
- ® In the teat records for the lat natural {requency it becaine apparent that il
: Contiguration II war sxtremaly sensitive to vibration {n the ather orthog.
7 onal directions atd « icrsional mode seemed to appear, Great ditficulty *
" was encountered in getting these values, und little claim is rade to any
L great degree of precision, It was also felt that if the shock machine anvil ‘
table rotated slightly during \he shock motion, then these modes would s
i become excited, thereby altering the spectrum, It is aluo to be noted that i
& the finite siae of the separating blecks B caused larger errovs to appear ' !
¢ in the computation of the * 1odal paramcters for Configuration II than for !
;: Configuration I, H
\?,
o
3 ‘ ¢
B .-
. ! o
.. . [ L - . -~ .¢§
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EXPERIMENTAL RESULTS OF 3-IN, BLOW
Spectrum Values of Inierest

If the purpo se of each of the calculuted shock spcctra (Figs. 5 through 10) was to find
1 an approximativi to the stress at any location, then in each case there wonld have been
cely two values 3f interest on cach spectra, This is bocaune the structure was cssentlally
. a s1stem with Ueo degrees of freedom (see Table 2). The two values of interest would be
tue {ixedebase ratural frequencies of the structure. These spectrum values (Indicated by
. &t marks on eich of the spectra, Fige. 5 through 12) arc compiled and presented in
3 Tabie 3. It is seen that these spectrum values vary from a8 maximum of 3,48 ft/acc down
l w 1.00 {t'sec and tend to fall off in magnitude as the frequency Increases,

Table 3
Shock Spectrum Values
Configuration | __ . . Mode | _— Modeml |
anc Weirhi  [Nat, Freq.| Speeirum | Nut. Freq.| Spectrum
Combinatica (cps) Value (ft/sce)]  (cpa) Value ({t/sec)
Conliguration 1
Weight 1 83 3.48 242 2.80 4
Weight 2 ki 3.43 238 2.83
We:ght 3 12 .11 230 2,87
Weight 4 (1] .83 227 2.62
Weght S 63 3.41 324 . 3.13
Weizht 6 60 3.50 223 a91
Configuration I
Weight 1 186 .0 421 1.00
Weight 2 177 - 2.37 409 2.64
Weight 3 164 2.51 401 1.65
Weight 4 153 2.24 395 1.96
Weight 142 a.18 ki) 1.41
Weight 6 134 2,22 8?9 1.33

Exlanation of Shock Spectrum Graphs

8n all the spectra of this report the values of the ordinates are in feet per second, and
Ute anscissa have scales of cycles per second, The symbols are &s follows: f,, is the 1at
f1vac; -pase natura! frequency for Configuration L, €y, i the 3rd fixed-base natural fre-
quamty ‘ar Configuration 1, f,, is the 15t {ixed-base natural {vequency for Configuration 0,
f,, o8 e drd fixsa-rase natural frequency for Configuration b, and the dota at thesc fre- .
SMEITIES Tepresent the spectrum values as given in Table 3,

Recall that Conligurations ] and 11 are identical in mass for a given welght number
but <.tler 1n stiffness, and this is the major reason for the differences in the respective
sacek spectra. The assumption that stilfness need rot be considered in predicting shock
spe~wa can lead to grave inaccuracy, as the following example illustrates. Suppose the
shees spectrum of Confipuration Iin Fig. 8 were tuken as the basis for prediction of the
shuick spectrum oOf a structure having the same maas but a greater stiffness, stiffness
caudong the frequency of Mode I to be 153 cps, and suppose that this greatur stiffness was
coes.iered unimpoetant to such a prediction. Then (t would he predicted that the shock
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i
‘ ; spectrum of the stilfior-aystem should have an ordinate of 15.5 fi/dec at 153 cps. The
4 ] oxpodiatental snotk spuectrum for Conlipuration 11 provides the test for the correctness
3 i of this prediction.  (1:aar an ordinate of 2.2 {1, sec inatead of the predicted 15.5 1t/sec at
£ 153 cps. A structurig -mepiber of Configuration H made according to the prediction would

4TS e
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AR T MEROY S ST e

X 26 3V 204 S

have been overdesipoua! by the factor ot 15,5,2.2 = 7,

Again, H the shartd. apectrum of Configuration @ had been tahen as the basis for design
and prodiction of the sk spectrum of a less stift assembly, specifically one with 66 cps
as {y,, and If the sttffiaess difference had been assamed unimportant 28 above, the predicted
ordinate would have beren 4.7 (17 5c¢ as compared with the observed 2,8 {t,/sec at 66 cps,
giving an overdesign.tncior of 1.8,

If cach figure 1 osxamined in this {ashion, it will be noted that this effect of overdesign
i8 present for any syvattem having a ditferent fundamental (requency than that of the system
present when the shosle apectrum data were obtained. It will alsu be noted that the spec-
trum valuces of interesit, e, those for frequencies corresponding to {ixed -base frequen~
cies of the system tesited, tend to lie In valleys and not on peaks of the £ vck apectra.

Figures 11 and 12are compusites of all shock spectra for Configuration I and for
Cunfiguraticn II respenttively, The dots represent the velocity shock shectrum values of
interest 1n strees calwniations. Qualitatively speakir; it 18 possiole tc say that these
values G{ interest did:nuit occur on lsrge peaks,

Pomts of interesticon (Fig, 11 include:

1. The range af:vedtucity spectrum values of major interest for the fundainental nat-
ural frequency was bettweer 80 and 83 cps.

2. There is a setnef large peaks of velocity in the region 125 to 180 ¢ps v Lich are
6 or 7 times higher thnan most of the shock spectrum values of interest.

3. The spectra haitl:tie same general shape but tended to be displaced frequencywise.

Points of Interostioon [Fig. 12 include:

1. All spectrum willues corresponding to the first fixed-base natural frequency ¢f the
frame were between X3 and 186 cps, and the spectrum values for the other natural [re-
quency were hetween 3l30.and 421 cps.

2. There are twu:sets of individual peaks, one between 50 and 150 cps and one between
175 and 225 cps.

3, The spectra hawve the same geheral shape but tend to be displaced frequencywise,

Figure 13 is « remrexentation ol a type of analysis of these spectra which might he
made. The upper curve s the envelope of the maximum values of all the shock spectra
for this *class of vquimatent,” and the lower line is the eavelope of the minimum values,

It can be easily scen thoat the shock spectrum values of interest tend to lie nearer the
minimum line than the miaximum one, so u combinatorial analysis that tukes the peaks into
account would produce :gnuctra which are toov severe. *

EXPERIMENTAL RESUL.TS OF 12-IN. BLCW

Tiie results of the 112+in, blow were plotted in the same fashion as for the 3-in. blow,
but only ‘"~ composilea: are shown (Figs. 14-16). The results do not clearly illustrate
shock Sprels oo dipeh. upeesially for Configuration U, However, they do point out quite
clearly that the larye nie: of peaks In Configuration J was replaved by a deep valley in
Configuiation I when thie fixed-base natural frequency came Into that reglon,
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FREQUENCY (CYCLES PER SETOMD)

Fig. i3 - Maximum and minimum envelopes of all
shock spectra, 3-in. blow

There are many reasons why the heavy blow did not give the anticipated results as
clearly as did the Lighter blow, Some are enumerated below:

1. The system was nonlinear and the amplitudes became large enough during the
heavy blow to affect the results,

2. The shock table rotated during the test, undoubt'edly exciting other types of motion
than were considered in the {rame analysis, This rotation also caused the anvil table to
suffer three distinct blows (the hammer blow and stops on first one side and then the other).

3. Maximum stresser were in the order of the yield point, which introduced more
damping into the structure.

Figure 14 again poinis out that, even with the spectrum values for {,, in doubt, an ' ' ;
envelope of maximum values creates a false impression of the severity of the shock. -
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DECUSSION

R has been de nonstrated ia this series of experimental testa (het v {cr the same
- shock-penerating system and weight of tes: stractase, the shouk Specirs cdtiused ate
extremely aensitive to tae (Pequenties o tas test s mycture being cons.a¢esed. The shock
1 spectrum peaks ATe UWNIAIELY CaLted DY the adtard, (Zequencies Of Lhe s3s.em s a
] whole (11), and these Ov 3t cOvteap v to e faand-tase ratural (requenszes ot Lae
. stoucture {or which the spectea replhenit the faindation motion eljecy

1 Figures 17 and 18 regresent two of tae typ.:al toundation velocity rertnis chtaired
i during the test, The top recurd in €3CA CAS€ 18 2¢ G N QUESLION, AS 243 De sasn after
the intlal tmpulse there 19 3 ()Pe ¢ & €00 W2, wrests that natural JJegen o, could
: be Ntained from the revonds. Bt must e cezenierid that these were aiva na, waile the
i whole gysiem {anvil, tasie, channels, a3l €10, 915 18 MOLION, AN Wi LM IEaTe S0OW
. the coupled natural freqoesdies. Hemie, e ouser o frequencics wll vig o general
correspand to the fixcd-2use natural {rejaensies of v model strocture. € 44 7) 1a U
‘ velocity-meter recard, the Dudame! integral

Xu--uj‘ ZT)cos ot - T dT
(]

wil have large values 22 tioge froquencies wluca caucide with the {megquonaes present ia
ZIT). Table 4 presents 2 comparisa of tHe sradficted frequencies where Ltst peaks
wwild occur and where they actura.ly d:d occur.

R has al2o been showx that villess tend to aspar in the region of apevtraa ocaticns
for fixed-base natural {reqzercies, and that these vallevys rather than e peuai tead to
coatrol the streasses in a siructure. ANALYS:is O! a Wrge growy of specira wyesein the
peaks are statisticaliv comc.ned with the reat of e Catd as a point of el wegl or
acre, would pive a false t=ormssiom o the severiiy of a set of shocks. Tl 1y, wxea
fiducial limit curves are ccczpated using values regardioss of whother ey ccerespond
o the tested stryctere of xR, then the Riga peaks practcally determine autt a fidwcial
Liout curve, amd therelonre the rosuliiing Jarve 18 ax al dil representauve & LG ectrum
valueas useful L design.
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Table d
Corwpariscn of Recorded and Dredicted Peaks
of Shock Spectra for 3 -in, Blow

] Frequency of
Maior Cimyponent

{
Peak Frequency

Clighiakiva

ard Welcht in Shock
e 1» Velocity
Cormbtnution Record (cps) Spectrum (cps)
Coefigyration 1
t Weight t 138 47
Weight 2 140 - 138
Weight 3 N 152
Weight 4 14) ot
Weight § 140 154
Weight 8 ) 184
«Corfiguration 11
Weight 1 103 112
weight 17| 10, 104
Weigh. 3 °5 97
Weigh 4 9l 102
Weight $ 88 92
Weght 8 81 . "
- “ - ~. . .
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In the anulysis of the data of this expariment not much has been said of the upper
3 ! fuequency range, but attention has been-focused upon the 1st fixed-hase natural frequency
of the [rame in each instance. The reasons (or doing this are the {ollowing:

1. Only abuut 6 percent of the available masa was in mode M1, making it rolatively
inot{ective in reducing the apectra levsl.

2. The size of time lucrement chosen for the numerical integration technique and
- the appearance uf Fige. 11 and 12 scem to indicale that perhaps only spectrum values
below 350 or 375 cpa are rellable,

3. It is difficult to calculate natural (requencies in the upper frequency range with
the prec.sion required for discerning a valley. For example 15-percent error at 40 cps '
ia only £2 cpa, for a bandwidih of possible values of 4 cps for that {reguency, while 28 per-
cent of 400 cps is £20 cps, fur & bundwidth of possible values of 40 cps.

4. The aystem was slightly nonlinear for large amplitudes.,

; CONCLUSIONS

1. The potentially extreme overconservatism in design resulting from incorrect
usage of ahcck spectra was verified by a series of controlled shock experiments in the
laboratory.

2. The distinction botween the shock-specirum values at fixed-base natural frre-
quencies of equipment and at natural {rcquencies of the complete equipment -foundation
system was demonstrated,

Work is continuing on this problem and a report to be published will preaent some
mathematical explanauon for the phonomena as well s the resulta of another set of
experiments which have been planncd using the knowledge gained from these tests.
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